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Simple Summary: The aim of our retrospective study was to compare EUS-guided gastroenteroanas-
tomosis (EUS-GE) and enteral stenting (ES) for the palliation of gastric outlet obstruction (GOO) in
patients already treated with EUS-guided choledocoduodenostomy (EUS-CDS) for distal malignant
biliary obstruction (DMBO). Our results on 77 patients demonstrated that both EUS-GE and ES are
safe and effective for palliation of GOO, but EUS-GE is associated with less recurrence of symptoms.

Abstract: Background: EUS-guided gastroenterostomy (EUS-GE) is a novel and effective procedure
for the management of malignant gastric outlet obstruction (GOO) with more durable results when
compared to enteral stenting (ES). However, data comparing EUS-GE to ES in patients already
treated with EUS-guided choledocoduodenostomy (EUS-CDS) for distal malignant biliary obstruction
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(DMBO) are lacking. We aimed to compare outcomes of EUS-GE and ES for the palliation of GOO
in this specific population of patients. Methods: A multicenter, retrospective analysis of patients
with DMBO treated by EUS-CDS and subsequent GOO treated by EUS-GE or ES from 2016 to 2021
was conducted. Primary outcomes were overall AEs rate and dysfunction of the EUS-CDS after
GOO treatment. Secondary outcomes included clinical success, technical success, procedure duration,
length of hospital stay and relapse of GOO symptoms. Results: A total of 77 consecutive patients
were included in the study: 25 patients underwent EUS-GE and 52 underwent ES. AEs rate and
patency outcomes of the EUS-CDS after GOO treatment were comparable between the two groups
(12.5% vs. 17.3%; p = 0.74). No recurrence of GOO symptoms was registered in the EUS-GE group
while 11.5% of ES patients had symptoms recurrence, even if not statistically significant (p = 0.16),
after a mean follow-up period of 63.5 days. Conclusion: EUS-GE and ES are both effective and safe
for the palliation of GOO in patients already treated by EUS-CDS for DMBO with no difference
in the biliary stent dysfunction rate and overall AEs. EUS-GE is associated with less recurrence of
GOO symptoms.

Keywords: EUS-guided choledocoduodenostomy (EUS-CDS); distal malignant biliary obstruction
(DMBO); gastric outlet obstruction (GOO); pancreatic cancer; enteral stenting (ES); EUS-guided
gastroenterostomy (EUS-GE)

1. Introduction

Gastric outlet obstruction (GOO) is an invalidating condition which worsens quality
of life and reduces the therapeutic chances of patients affected by pancreatic, gastric, or
duodenal cancer [1]. Frequently, GOO and distal malignant biliary obstruction (DMBO)
coexist within the same patients, with jaundice usually showing up before GOO symp-
toms [2]. In the last years, EUS-guided drainages have been largely spreading, thanks to
the advent of dedicated devices (i.e., lumen apposing metal stents—LAMS) [3] which are
expanding our armamentarium for the treatment of both luminal and biliary issues [4–7].

As a matter of fact, endoscopic ultrasound-guided choledocoduodenostomy (EUS-
CDS) is to date considered a valuable option for biliary drainage in case of DMBO after
ERCP failure, with high rate of both technical and clinical success and acceptable rate of
adverse events (AEs) [8–10]. Figure 1.
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On the other hand, endoscopic enteral stenting (ES) with self-expandable metal stents
(SEMS) has been the main palliative strategy for GOO for many years [11,12]. Recently,
EUS-guided gastroenterostomy (EUS-GE) has been introduced for the palliation of GOO,
showing superior results in terms of stent patency and rate of reinterventions, compared to
ES [13–15].

Nevertheless, the best therapeutic option is still not defined when GOO is associated
to DMBO, especially when EUS-CDS has been performed. In this setting, EUS-CDS has
been shown to be associated with a higher risk of dysfunction, and ascending cholangitis
due to food impaction, and/or stent obstruction, when a duodenal stricture is present [16].

The aim of our study was to collect data of all consecutive patients affected by DMBO
drained using EUS-CDS, with concomitant or subsequent development of GOO treated
by ES or EUS-GE, to evaluate and compare outcomes of the two different combinations.
Figures 2 and 3.
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2. Materials and Methods

We conducted a retrospective, multicenter study. The study protocol was approved by
the institutional review board (IRB) of each participating center and reported according to
the STROBE checklist [17].

The site investigators and their research teams collected, reviewed, and entered the
data into an electronic database (Redcap) maintained by the coordinating center. All authors
had access to the study data and reviewed and approved the final manuscript.

From January 2016 to September 2021, all consecutive patients treated in 14 interna-
tional centers by EUS-CDS for DMBO after ERCP failure, and subsequent GOO treated
by EUS-GE or ES, were included. We excluded from the analysis underaged patients
(<18 years old), patients under anti-thrombotic therapy or coagulopathy preventing inva-
sive endoscopic therapy according ESGE guidelines [18], and patients unwilling or unable
to sign the informed consent form.

2.1. Procedures

All procedures were performed with the patients under deep sedation with Propofol
and Fentanyl or under general anesthesia in accordance with local sedation policies at the
discretion of the anesthesiology. The procedures were performed either during the same or
a different subsequent session of the EUS-CDS. In the case of same session, EUS-CDS was
performed before EUS-GE or ES.

EUS-GE was performed using electrocautery-assisted LAMS (Hot-Axios, Boston Sci-
entific). LAMS size was at the discretion of the endoscopists. The technique, balloon-
assisted or freehand, also differed between the endoscopists according to their own expe-
rience [19,20]. The balloon-assisted method consists of passing a stone retrieval balloon
or dilating balloon across the obstruction so that, after the inflation of the balloon with
contrast fluid, the site of the puncture is facilitated by the visualization of the balloon under
the EUS guide. The freehand technique entails the direct puncture of a small bowel loop
adjacent to the gastric wall [21].

ES was performed using duodenal SEMS. SEMS type and size were at the discretion
of the endoscopists [22].

2.2. Outcomes

Primary outcomes were (1) the rate of AEs classified according to the American Society
for Gastrointestinal Endoscopy (ASGE) lexicon severity grading system [23]; (2) the rate of
dysfunction of the EUS-CDS defined as the occurrence of biliary stent migration/obstruction,
cholangitis, or jaundice occurring after GOO treatment; and (3) the need for re-intervention
defined as the percentage of patients requiring additional endoscopic intervention due to
biliary stent dysfunction.

Secondary outcomes were (1) the rate of clinical success of GOO treatment, defined
as the improvement in enteral diet assumption (soft solids, low residue, or full diet)
comparing to the baseline according to the GOO scoring (≥1 point) [12]; (2) the rate of
technical success defined as the ability to complete EUS-GE or ES with LAMS or SEMS
placement, respectively; (3) duration of hospital stay; (4) procedural time; (5) the rate of
dysfunction of the EUS-GE defined as the occurrence of stent migration, obstruction, or
relapse of GOO symptoms.

2.3. Statistical Analysis

Descriptive statistical analysis was conducted on the available data. For normally dis-
tributed variables, means with standard deviations (SDs) were calculated, while variables
with skewed distributions were presented as medians with interquartile ranges (IQRs).
Categorical variables were expressed as frequencies and percentages.
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3. Results

Seventy-seven consecutive patients (39, 74% males, mean age 70.17 years old) were en-
rolled over the study period. The most common etiology was pancreatic cancer (68–84.6%),
followed by ampullary cancer (4–5.7%), and extra-hepatic cholangiocarcinoma (4–1.9%).
All patients were treated by EUS-CDS for DMBO after ERCP failure, and the main reason
was an unreachable papilla.

The endoscopic procedures for GOO treatment were performed after a mean time of
14.3 ± 4.5 days from the EUS-CDS. Twenty-five (32.5%) patients were treated by EUS-GE
and fifty-two (67.5%) patients were treated by ES. Patients’ demographics and baseline
characteristics are summarized in Table 1.

Table 1. Baseline characteristics.

BASELINE GEA
(25 pts)

Duodenal Stent
(52 pts)

Gender male, n (%) 13 (52%) 35 (67.3%) 0.19

Age 70 (59–81) 71 (66–75) 0.54

Etiology
Pancreatic cancer, n (%) 17 (68%) 44 (84.6%) 0.34

Ampullary cancer, n (%) 1 (4%) 3 (5.7%)

Duodenal cancer, n (%) 1 (4%) 1 (1.9%)

Cholangiocarcinoma, n (%) 2 (8%) 1 (1.9%)

Other, n (%) 4 (16%) 3 (5.7%)

Failed ERCP Reason
Failed cannulation in a reachable papilla,
n (%)

2 (8%) 3 (5.7%) 0.97

Unreachable papilla, n (%) 4 (16%) 10 (19.2%)

Duodenal stricture, n (%) 19 (76%) 38. (73%)

Other, n (%) 0 (0%) 1 (1.9%)

Technical success EUS-CDS, n (%) 25 (100%) 52 (100%) 1.0

Clinical success EUS-CDS, n (%) 25 (100%) 51 (98%) 0.74

AE EUS-CDS, n (%)
(pre-GOO treatment) 1 (4%) 6 (11.5%) 0.42

GOOS Score, n (%)

0 4 (16%) 11 (21.1%) 0.40

1 20 (80%) 32. (61.5%)

2 1 (4%) 8 (15.5%)

3 0 (0%) 1 (1.9%)

3.1. Primary Outcomes

The AEs rate was comparable (p = 0.27) between EUS-GE (8%) and ES groups (17.3%).
Specifically, one case of stent migration and one case of bleeding occurred in the EUS-GE
group while three cases of bleeding, one case of stent obstruction, and five relapse of GOO
symptoms were registered in the ES group. Moreover, no differences in term of EUS-CDS
stent dysfunction (12.5% vs. 17.3%; p = 0.74) and rate of reintervention (12.5% vs. 23.1%;
p = 0.36) were reported between the two groups.

3.2. Secondary Outcomes

Technical success in treating the GOO was achieved in 24 out of 25 (96%) patients in
the EUS-GE group and all 52 patients (100%) in the ES group (p = 0.32). No significant differ-
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ences were observed in the mean procedure duration time (30.0 ± 13.6 vs. 25.0 ± 12.1 min;
p = 0.20) between the EUS-GE and ES groups. Procedural details of EUS-GE and ES are
listed in Table S1 and Table S2, respectively.

Clinical success was achieved in all patients treated by EUS-GE and 98% of patients
treated by ES (p = 1.0). The mean GOOS scores pre- and post-procedure were 0.88 vs. 2.6
in the EUS-GE group and 0.98 vs. 2.6 in the ES group, with a comparable GOOS score
improvement (GE group + 1.72 points vs. ES group + 1,60 points; p = 0.46). Mean hospital
stays (3 ± 2 vs. 5 ± 2 days; p = 0.15) were comparable between the two groups. Subclas-
sifying AEs according to enteral stent patency, no significant difference was observed in
terms of stent dysfunction rate (stent migration, stent obstruction, and relapse of GOO
symptoms) between the two groups although a favorable trend was observed for EUS-GE
(0% vs. 11.5 %, p = 0.16). Study outcomes are summarized in Table 2.

Table 2. Outcomes.

OUTCOMES EUS-GE
(25 pts)

ES
(52 pts)

Days after EUS-CDS 5 (0–18) 1 (0–10) 0.55

AE 2 (8%) 1 9 (17.3%) 2 0.48

Severe AE 1 (4%) 4 (7.6%) 0.53

EUS-CDS
dysfunction rate * 3/24 (12.5%) 9/52 (17.3%) 0.74

EUS-GE/ES
dysfunction rate ** 0/24 (0%) 6/52 (11.5%) 0.16

Re-intervention rate 3 (12.5%) 12 (23.1%) 0.36

Technical success 24/25 (96%) 52/52 (100%) 0.32

Clinical success 24/24 (100%) 51/52 (98%) 1.0

Average GOOS pre 0.88 0.99 0.14

Average GOOS post 2.6 2.5 0.65

Average improvement 1.71 1.6 0.46

Hospital stays, days (range) 3 (3–4) 5 (3–8) 0.15

Procedure duration (min) 30 (16–40) 25 (15–35) 0.20
1 Migration and bleeding. 2 three bleeding; one stent obstruction; five relapse of GOO. * Cholangitis, jaundice,
biliary stent obstruction. ** Stent migration, stent obstruction, relapse of GOO symptoms.

4. Discussion

Our multicenter experience shows that there is no incremental risk of biliary-related
AEs with EUS-GE vs. ES in patients already treated by EUS-CDS for DMBO.

This finding is clinically relevant because clinicians and endoscopists must frequently
deal with the double obstructive condition, both biliary and luminal, in patients affected
by pancreatic or gastroduodenal cancers. It may be argued that, since duodenal stricture
represents a risk factor for EUS-CDS dysfunction [24], this might be considered a suboptimal
solution in case of concomitant biliary/luminal obstruction. This aspect was behind the aim
of our study; nevertheless, waiting for conclusive evidence supporting different approaches,
EUS-CDS is, to date, the first-line option for biliary drainage in case of ERCP failure
according to international guidelines [25]. Thus, the need for facing GOO symptoms and a
previously placed EUS-CDS is a common situation.

In this setting, despite the spreading of an EUS-guided approach for GOO symptoms,
it has been questioned if EUS-GE was a safe option in patients already treated with EUS-
CDS for DMBO for the risk of a negative impact on biliary LAMS patency. The assumption
behind this concern was that enteral stenting guarantees the “natural” passage of food
and gastric material from the stomach through the second duodenal portion, theoretically
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preventing food stasis where the biliary LAMS is placed. On the other hand, EUS-GE,
although effectively solving GOO symptoms, could lead to food stasis at the duodenal,
pre-stenotic level, thus causing disfunction of the biliary LAMS and related AEs.

Our study showed a comparable risk of biliary stent dysfunction, and/or biliary-
related AEs, ruling out any detrimental effect of EUS-GE compared to ES. In both groups,
most of the events seem to be due to stent obstruction (i.e., ascending cholangitis, jaundice
recurrence), requiring endoscopic reintervention. If the biliary stent disfunction etiology
(obstruction) was expected, the opportunity of managing them endoscopically in both the
groups was an important finding. Nevertheless, despite in our series all the cases of stent
dysfunction requiring only stent revision, and, eventually, coaxial double pig-tail plastic
stent (DPPS) placement to be solved, we want to underline that EUS-CDS dysfunction may
be a complex condition potentially requiring other EUS-guided interventions [26]

On the other hand, focusing on GOO symptoms, coherently with previous evi-
dence [14,15], both EUS-GE and ES showed high technical and clinical success rates in our
cohort. However, looking at stent patency, we confirmed the favorable trend previously
reported in case of EUS-GE, with 0 cases of GOO symptoms relapse, suggesting more
durable results compared with ES (six cases, 11.5%) even if not statistically significant
(p = 0.16). This, coupled with the previously discussed lack of any adjunctive risk of biliary
stent dysfunction, may further strengthen the role of EUS-GE even in this challenging
subgroup of patients. It may be argued that surgical gastroenteroanastomosis may still be
considered in fit patients in such conditions [27]. However, previous studies comparing
endoscopic vs. surgical gastroenteroanastomosis showed equivalent clinical success rates,
and better cost-effectiveness suggesting that the endoscopic approach should be preferred
when expertise and devices are available [28–30].

Despite its strengths, our study has several limitations: the main drawback is its
retrospective nature which may undermine our conclusions due to the risk of biases.
However, our real-life experience reassures the safety profile of the endoscopic treatment
of GOO even in this subgroup of patients and may be informative for designing future
prospective comparative studies. Secondly, the relatively limited sample size prevents any
statistical inference aimed at identifying any particular features related to better outcomes
with either one or the other approach. Nevertheless, considering the literature on this topic
is very limited, the choice to provide all technical features of the two procedures, might
give the reader a useful insight in this challenging scenario. Furthermore, the multicenter
setting may reassure of the reproducibility of our findings.

5. Conclusions

In conclusion, our results suggest that both ES and EUS-GE are safe and effective
for the treatment of GOO in patients already treated with EUS-CDS for DMBO, with no
difference AEs (8% vs. 17.3%), and biliary dysfunction risk (12.5% vs. 17.3%). Considering
EUS-GE seems to provide more durable results (0% vs. 11.5%), it should be preferred over
ES in experienced centers even in this subgroup of patients.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers16193375/s1. Table S1. Procedural characteristics of enteral
stents. Table S2. Procedural characteristic of EUS-GEA.
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